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© A pneumatic tire for running on snow and ice roads has a tread pattern defined in a tread portion by a pair 
of circumferential grooves (1) dividing the tread portion into a central region (TC) and side regions (TS), slant 
grooves (2, 3) arranged in the central region (TC) at a given interval in the circumferential direction of the tire, 
and a plurality of zigzag sipes (6, 7) arranged at a given interval in the circumferential direction in each of blocks 
defined by the circumferential grooves (1) and the slant grooves (2, 3). In this tread pattern, first slant grooves 
(2) having a small inclination angle of 20-30* and second slant grooves (3) having a large inclination angle of 75- 
85 • with respect to the circumferential direction are arranged so that the inclinations of the first and second slant 
grooves are opposite to each other, and at least one end of each of the zigzag sipes (6, 7) arranged in the same 
block is opened to a circumferential groove (1) or a first slant groove (2). 

FIG. I 
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This invention relates to pneumatic tires running on ice and snow roads, and more particularly to a 
pneumatic tire having excellent running performances on ice road without the degradation of running 
performances on snow road. 

In the conventional pneumatic tires running on ice and snow roads, there is typically known a tread 
5 pattern as shown in Fig. 6. 

In such a tread pattern of the conventional pneumatic tire, zigzag grooves and straight grooves each 
continuously extending in a circumferential direction of the tire are alternately arranged in a widthwise 
direction of the tire, and a great number of lateral grooves for connecting the adjoining circumferential 
grooves to each other are arranged at a given interval in the circumferential direction of the tire to define a 
io plurality of block rows, and a plurality of lateral sipes are formed in each of the blocks. Therefore, this tire 
tentatively develops the running performances on both snow and ice roads. 

Recently, snow road is apt to be changed into frozen road under an influence of mild winter 
phenomenon and hence the friction coefficient of road surface considerably lowers. For this end, it is 
strongly demanded to develop tires having considerably improved braking and turning performances on ice 
75 as compared with the conventional tire. 

In order to improve the running performances on ice, it is effective to increase a ground contact surface 
area to decrease a negative ratio, while in order to improve the running performances on snow, it is 
effective to increase a groove area to increase a negative ratio. That is, the running performances on both 
ice and snow are basically antimonic relationship, so that it is very difficult to improve the running 
20 performances on ice without substantially degrading the running performances on snow. 

Furthermore, it is effective to increase the number of sipes (density) to increase an edge component of 
the sipe in order to improve the running performances on ice. However, when the number of sipes (density) 
is too increased, the block rigidity lowers and hence the ground contact area is decreased by the bending 
deformation of the block, which may inversely brings about the degradation of the running performances on 
25 ice. 

A foamed rubber as disclosed in JP-A-62-283001 is frequently used in a tread of a tire running on snow 
and ice roads. Since the foamed rubber is softer than the usual tread rubber, it is required to maintain the 
block rigidity in case of using the foamed rubber. Particularly, when the sipes are formed in the blocks of 
the tread composed of the foamed rubber, it is of urgent necessity to ensure the block rigidity. 
30 It is, therefore, an object of the invention to provide pneumatic tires with a new tread pattern possessing 

excellent running performances on ice without the degradation of running performances on snow. 

It is another object of the invention to provide a pneumatic tire having a tread pattern for running on ice 
and snow roads applicable to a tread composed of a relatively soft rubber such as the aforementioned 
foamed rubber or the like. 

35 According to the invention, there is the provision of a pneumatic tire having a tread pattern defined in a 

tread portion by a pair of circumferential grooves dividing the tread portion into a central region and both 
side regions, a great number of slant grooves arranged in the central region at a given interval in a 
circumferential direction of the tire and a plurality of zigzag sipes arranged at a given interval in the 
circumferential direction in each of blocks defined by the circumferential grooves and the slant grooves, the 

40 improvement wherein; 

(1) each of the circumferential grooves is arranged in a position corresponding to about 1/4-1/3 of a tread 
width as measured from an equatorial line of the tire; 

(2) the slant grooves are first slant grooves having an inclination angle of 20-30° with respect to the 
circumferential direction and second slant grooves having an inclination angle of 75-85 • with respect to 

45 the circumferential direction, provided that the inclination of the first slant groove is opposite to the 
inclination of the second slant groove with respect to the circumferential direction and a pitch length of 
the first slant groove in the circumferential direction is larger than that of the second slant groove; and 

(3) the sipes has a width of not more than about 0.5 mm enough to close opposed sipe walls to each 
other under loading, respectively, and are arranged in parallel to each other or substantially extend in 

50 parallel with each other in the same block at an inclination angle of 70-90* with respect to the 
circumferential direction, at least one end of each of which sipes opens to the circumferential groove or 
the first slant groove. 

In a preferred embodiment of the invention, the sipes in the same block are alternately opened to the 
opposite grooves. 

55 In another preferred embodiment of the invention, the tire has a negative ratio (ratio of total surface area 

of grooves in a full surface area of the tread) of 30-35%. 

In the other preferred embodiment of the invention, at least a sipe adjacent to the second slant groove 
has a depth corresponding to about 35-60% of the sipe depth in the vicinity of an opening end. 
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In the still other preferred embodiment of the invention, the pitch length of the first slant groove in the 
circumferential direction is two times that of the second slant groove. 

When the tire according to the invention is applied to a passenger car, it is preferable that a great 
number of lateral grooves opening at one end to the circumferential groove and at the other end to a tread 
5 end are arranged in each side region of the tread portion at a given interval in the circumferential direction 
to divide the side region into blocks and zigzag sipes are formed in each of the blocks, in which (1) each of 
the lateral grooves has an inclination angle of 70-90° with respect to the circumferential direction and (2) 
the sipes have a width of not more than about 0.5 mm enough to close opposed sipe walls to each other 
under loading, respectively, and extend in the same block at an inclination angle of 70-90 • with respect to 
io the circumferential direction, provided that one end of each of the sipes opens to the circumferential groove 
and the other end thereof terminates in the vicinity of the tread end. 

In the latter case, it is favorable that a foamed rubber as disclosed in JP-A-62-283001 is used in the 
tread portion of the tire. In other words, at least 10% by volume of the tread portion is the foamed rubber 
containing closed cells with an average cell size of 1-120 um and having an expansion ratio of 1-100%. 
15 The invention will be described with reference to the accompanying drawings, wherein: 

Fig. 1 is a schematic view illustrating a first embodiment of the tread pattern in the pneumatic tire 
according to the invention; 

Fig. 2 is a schematic view illustrating a second embodiment of the tread pattern in the pneumatic tire 
according to the invention; 

20 Fig. 3 is a schematic view illustrating a third embodiment of the tread pattern in the pneumatic tire 
according to the invention; 

Fig. 4 is a diagrammatically section view taken along a line IV-IV in Fig. 1; 
Fig. 5 is a diagrammatically section view taken along a line V-V in Fig. 1; and 
Fig. 6 is a schematic view illustrating a typical tread pattern in the conventional pneumatic tire. 
25 In the pneumatic tire according to the invention having the tread pattern as defined above, a pair of the 
circumferential grooves dividing the tread portion into the central region and both side regions serve to 
surely impart lateral gripping force (lateral grip) to the tire. 

The reason why the position of the circumferential groove is limited to about 1/4-1/3 of the tread width 
is due to the fact that lateral force effectively acts on a central region of the tread portion ranging within 1/4- 
30 1/3 of the tread width and a space for arranging first slant grooves is ensured in such a central region. 

As the slant groove arranged in the central region at a given interval in the circumferential direction, 
there are first slant grooves each having an inclination angle of 20-30° with respect to the circumferential 
direction and second slant grooves each having an inclination angle of 75-85° with respect to the 
circumferential direction. In the arrangement of the first and second slant grooves, the edge effect in the 
35 lateral direction of the tire or the more increase of the lateral gripping force is caused by an edge 
component of the slant groove in the circumferential direction of the tire, while the edge effect in the 
circumferential direction of the tire or the improvement of traction and braking performances on ice road 
surface in forward and backward directions of vehicles is caused by an edge component of the slant groove 
in the lateral direction which is never existent in the circumferential straight groove. 
40 If the inclination component of the slant groove is unidirectional, the straight running performance of the 
vehicle and the uneven wear resistance of the tire are degraded. On the contrary, according to the 
invention, the inclination of the first slant groove is opposite to the inclination of the second slant groove 
with respect to the circumferential direction, so that there is caused no fear of degrading the above 
performances. 

45 When the inclination angle of the second slant groove is less than 75° with respect to the circumferen- 
tial direction, the edge effect in the circumferential direction enough to develop the braking and traction 
performances on ice road surface can not be obtained, while when it exceeds 85 °, the influence of the first 
slant groove upon the. forward direction of the vehicle and others can not sufficiently be offset. 

When the inclination angle of the first slant groove is less than 20°, there is no problem on the edge 
so effect in the lateral direction of the tire, but the edge effect in the circumferential direction on the braking 
and traction performances in the forward and backward directions of the vehicle is extremely degraded, 
while when it exceeds 30°, the edge effect in the lateral direction is insufficient and there is a fear of 
causing lateral slipping. ... 

The' reason why the pitch length of the first slant groove in the circumferential direction is larger than 
55 that of the second. slant groove is. due to the fact that it is required to ensure the rigidity of the land portion 
defined between the first slant grooves. £ : 

Moreover, the reason why the negative ratio of the tire is limited to a range of 30-35% is due to the fact 
that when the negative ratio is less than 30%, each of the grooves becomes narrow to cause clogging and 
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sufficient running performances on snow are not obtained, while when it exceeds 35%, the effective ground 
contact area lowers to degrade the running performances on ice. 

In the pneumatic tire for passenger car according to the invention, a plurality of zigzag sipes are 
arranged in parallel to each other or extend substantially in parallel with each other in the same block, so 
that the edge length is increased as compared with the straight sipe to enhance the edge effect and also 
the bending rigidity in the circumferential direction becomes large. 

Furthermore, at least one end of each of the zigzag sipes is opened to the circumferential groove or the 
first slant groove, so that the opening ends of the zigzag sipes are opened in the ground contact area 
during the running on ice and snow road surfaces to more enhance the edge effect. And also, at least a 
zigzag sipe adjacent to the second slant groove has a depth corresponding to about 35-60% of the sipe 
depth in the vicinity of the opening end, so that sufficient rigidity is ensured in the opening end. 

Moreover, the zigzag sipe has a width (clearance) of not more than about 0.5 mm, so that the opposed 
sipe walls of the zigzag sipe other than the opening end thereof are closed to each other in the ground 
contact area during the running on ice and snow road surfaces, whereby the block rigidity is enhanced. 

As a result of the rigidity maintenance as mentioned above, a relatively soft rubber such as a foamed 
rubber disclosed in JP-A-62-283001 or the like can be applied to the tread of the pneumatic tire having the 
above tread pattern. Consequently, there can be provided pneumatic radial tires for passenger car 
developing an improved traction performance on ice road by the synergistic action of the foamed rubber 
and the zigzag sipes. 

In the pneumatic tire according to the invention, a great number of lateral grooves opening at one end 
to the circumferential groove and at the other end to a tread end are arranged in each side region of the 
tread portion at a given interval in the circumferential direction to divide the side region into blocks and a 
plurality of zigzag sipes are formed in each of the blocks likewise the case of the tread central region, 
provided that one end of each of the sipes opens to the circumferential groove and the other end thereof 
terminates in the vicinity of the tread end, whereby the block rigidity at the tread end required in the 
cornering is particularly ensured: . .. ... 

The inclination angle of the lateral groove is restricted to 70-90" from substantially the same reasons as 
in the second slant groove. Particularly, when the inclination angle is less than 70 \ the edge effect in front 
and back directions becomes insufficient. On the other hand, the width of the sipe is restricted to not more 
than 0.5 mm from substantially the same reason as in the arrangement of the sipes in the central region. 

In Figs. 1-3 are shown various embodiments of the tread pattern in the pneumatic radial tire for 
passenger car according to the invention, respectively. This tire has a tire size of 185/70R13 and a tread 
width of about 150 mm. 

In the first embodiment of the tread pattern shown in Fig. 1, the tread portion is divided by a pair of 
circumferential grooves 1 into a central region TC and both side regions TS, and a great number of slant 
grooves 2, 3 are arranged in the central region TC at a given interval in the circumferential direction of the 
tire, and a plurality of zigzag sipes 6, 7 are arranged in each of blocks defined by the circumferential 
grooves 1 and the slant grooves 2, 3 at a given interval in the circumferential direction. The negative ratio of 
this pattern is 33%. 

Each of the circumferential grooves 1 has a groove width of 6.5 mm and is arranged at a position of 45 
mm apart from an equatorial line of the tire, which corresponds to 30% of the tread width (150 mm). 

As the slant groove, first slant grooves 2 each having an inclination angle of 25 * with respect to the 
circumferential direction and second slant grooves 3 each having an inclination angle of 80* with respect to 
the circumferential direction are arranged so that the inclination of the first slant groove 2 is opposite to the 
inclination of the second slant groove 3 with respect to the circumferential direction and the pitch length of 
the first slant groove 2 in the circumferential direction is 2 times that of the second slant groove 3. 

The groove width of the first slant groove 2 is 6.5 mm, while the groove width of the second slant 
groove 3 is 6 mm at both side portions of the central region TC defined by the circumferential grooves 1 
and 3-4 mm toward a central portion. 

The zigzag sipes 6, 7 have a width of 0.5 mm and extend in parallel with each other at an inclination 
angle of 80" or 90- with respect to the circumferential direction in the same block, one end of each of 
which sipes is opened to the circumferential groove 1 or the first slant groove 2. 

Figs. 4 and 5 are schematically section view taken along lines IV-IV and V-V of Fig. 1, respectively. As 
shown in Fig. 4, the zigzag sipe 6 adjacent to the second slant groove 3 has a depth (b) of 7 mm but the 
depth (c) in the vicinity of the opening end is 3 mm corresponding to about 43% of the depth (b). As shown 
in Fig. 5, each of the zigzag sipes 7 has the depth (b) of 7 mm even in the vicinity of the opening end. 
Moreover, a groove depth (a) of each of the circumferential groove 1 and the first slant groove 2 is 9.5 mm. 
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In each side region TS, a great number of lateral grooves 4 having an inclination angle of 80" with 
respect to the circumferential direction and opening at one end to the circumferential groove 1 and at the 
other end to a tread end TE are arranged at a given interval in the circumferential direction. The inclination 
of the lateral groove 4 is opposite to the inclination of the second slant groove 3 located in the central 
5 region TC with respect to the circumferential direction. 

A plurality of zigzag sipes 8, 9 are formed in each of blocks defined by the lateral grooves 4 likewise 
the case of arranging the zigzag sipes 6, 7 in the block of the central region TC. In this case, each of the 
sipes 8, 9 has a width of 0.5 mm and is opened at one end to the circumferential groove 1 but terminates at 
the tread end. 

io The second embodiment of the tread pattern shown in Fig. 2 is basically the same as in the first 
embodiment of Fig. 1 except that the pitch length of the first slant groove 2 is 1.5 times that of the second 
slant groove 3 and the groove width of the first slant groove 2 is increased from 6.5 mm to 7.5 mm and the 
groove width of the circumferential groove 1 is decreased from 6 mm to 4.5 mm. In this case, the negative 
ratio is as unchangeable as 33%. 

is The third embodiment of the tread pattern shown in Fig. 3 is basically the same as in the first 
embodiment of Fig. 1 except that central blocks in the central region TC are continuously extended in the 
circumferential direction and the groove width of each of the slant grooves is narrowed so that the negative 
ratio is reduced to 30%. 

The conventional pneumatic tire has the typical tread pattern as shown in Fig. 6, in which the tire size 

20 (185/70R13) and tread width (150 mm) are the same as in the above embodiments. In the illustrated tread 
pattern, three zigzag grooves and two straight grooves continuously extending in the circumferential 
direction are alternately arranged at a given interval in the widthwise direction of the tire and a plurality of 
lateral grooves connecting the adjoining circumferential grooves to each other are arranged at a given 
interval in the circumferential direction to define a plurality of block rows and plural lateral sipes are formed 

25 in each block of these block rows. 

Then, the tests for the evaluation of feeling property on snow, braking performance on ice and cornering 
performance on ice are carried out under an internal pressure of 2.0 kgf/cm 2 with respect to the pneumatic 
radial tires for passenger cars of Examples 1-3 shown in Figs. 1-3 and Conventional Example shown in Fig. 
6, respectively. The feeling property on snow is a total feeling evaluation of braking performance, traction, 

30 straight running performance and cornering performance on a snowed test course, and the braking 
performance on ice is a running distance after the full braking from a running state at a speed of 20 km/h 
on an ice bound course, and the cornering performance on ice is a time required in the turning on an ice 
bound course at a circle of 20 m in radius. v 

The evaluation results are shown in Table 1. Moreover, the result is represented by an index on the 

35 basis that the conventional example is 100. The larger the index value, the better the result. 

Table 1 





Conventional Example 


Example 1 


Example 2 


Example 3 


Feeling property oh snow 


100 


100 


98 


95 


Braking performance on ice 


100 


115 


117 


120 


Cornering performance on ice 


100 


105 


108 


110 



45 

As seen from the results of Table 1, the tires of Examples 1-3 according to the invention are equal to or 
slightly lower that the conventional tire in the running performances on snow, but are considerably excellent 
in the running performances on ice as compared with the conventional tire., 

As mentioned above, according to the invention, the running performances on ice road of the pneumatic 

50 tire having a tread pattern defined by circumferential grooves, slant grooves and zigzag sipes can 
considerably be improved with substantially degrading the running performances on snow road by 
arranging first slant grooves having a particular small inclination angle and second slant grooves having a 
particular large inclination angle with respect to the circumferential direction so as to make the inclinations 
of the first and second slant grooves opposite to each other and arranging the zigzag sipes having a width 

55 of not more than 0.5 mm in the same block so as to be in parallel to' each other or extend substantially in 
parallel with each other and open at least one end of the sipe to the circumferential groove or the first slant 
groove. ' ;' 
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Claims 

1- A pneumatic tire having a tread pattern defined in a tread portion by a pair of circumferential grooves 
(1) dividing the tread portion into a central region (TC) and side regions (TS), slant grooves (2, 3) 
arranged in the central region (TC) at a given interval in the circumferential direction of the tire, and a 
plurality of zigzag sipes (6, 7) arranged at a given interval in the circumferential direction in each of 
blocks defined by the circumferential grooves (1) and the slant grooves (2, 3), wherein: 

(i) each of the circumferential grooves (1) is arranged in a position corresponding to about 1/4-1/3 of 
a tread width as measured from an equatorial line of the tire; 

(ii) the slant grooves are first slant grooves (2) having an inclination angle of 20-30° with respect to 
the circumferential direction and second slant grooves (3) having an inclination angle of 75-85 • with 
respect to the circumferential direction, provided that the inclination of the first slant grooves (2) is 
opposite to the inclination of the second slant grooves (3) with respect to the circumferential 
direction, and a pitch length of the first slant groove in the circumferential direction is larger than that 
of the second slant groove; and 

(iii) the sipes (6, 7) have a width of not more than about 0.5 mm sufficient to close opposed sipe 
walls to each other under loading, respectively, and are arranged in parallel to each other or 
substantially extend in parallel with each other in the same block at an inclination angle of 70-90 ° 
with respect to the circumferential direction, at least one end of each of which sipes (6, 7) opens to a 
circumferential groove (1) or a first slant groove (2). 

2. A pneumatic tire as claimed in claim 1, characterized in that the zigzag sipes (6, 7) in the same block 
are alternately opened to opposite grooves (1, 2). 

3. A pneumatic tire as claimed in claim 1 or 2, characterized in that the tire has a negative ratio of 30^ 
35%. 

4. A pneumatic tire as claimed in any of claims 1 to 3, characterized in that at least one sipe (6) adjacent 
to a second slant groove (3) has a depth (c) corresponding to about 35-60% of the sipe depth (b) in the 
vicinity of an opening end. 

5. A pneumatic tire as claimed in any of claims 1 to 4, characterized in that the pitch length of the first 
slant groove (2) in the circumferential direction is two times that of the second slant groove (3). 

6. A pneumatic tire as claimed in any of claims 1 to 5, characterized in that lateral grooves (4) opening at , 
one end to a circumferential groove (1) and at the other end to a tread end (TE) are arranged in each 
side region (TS) of the tread portion at a given interval in the circumferential direction to divide the side 
region (TS) into blocks, and zigzag sipes (8, 9) are formed in each of the blocks defined by the lateral 
grooves (4), in which (i) each of the lateral grooves (4) has an inclination angle of 70-90 • with respect 
to the circumferential direction and (ii) the sipes (8, 9) have a width of not more than about 0.5 mm 
sufficient to close opposed sipe walls to each other under loading, respectively, and extend in the same 
block at an inclination angle of 70-90 • with respect to the circumferential direction, provided that one 
end of each of the sipes (8, 9) opens to the circumferential groove (1) and the other end thereof 
terminates in the vicinity of the tread end (TE). 

7. A pneumatic tire as claimed in any of claims 1 to 6, characterized in that at least 10% by volume of the 
tread portion is a foamed rubber containing closed cells with an average cell size of 1-120 urn and 
having an expansion ratio of 1-100%. 
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FIG. 3 
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